SUMMARY Sixteen patients treated with a noninvasively programmable pacemaker were examiined after a prolonged period of ventricular inhibited (VVI) and atrial synchronous ventricular inhibited (VDD) pacing. Maximal working, capacity was determined by bicycle ergometry. Atrial and ventricular rates, brachial artery cuff pressure and breathing rate were determined at rest and during exercise. There was a mean increase in working capacity of 24% with VDD compared with VVI pacing (p < 0.001). Thirteen of the patients were catheterized. During VDD pacing, cardiac output was significantly higher, particularly during exercise (i 32%) due to the capability of heart rate increase and despite a substantial compensatory stroke volume increase during VVI pacing. Arteriovenous oxygen difference was much higher during VVI pacing, reaching 164 14 mi/I during the highest work load, while the corresponding level during VDD pacing was 140 ± 14 ml/l (p < 0.001). During exercise, arterial blood lactate was significantly higher during VVI than during VDD pacing. Heart size was significantly smaller, 568 ± 98 vs 530 96 ml/m2 BSA (p < 0.05), during VDD pacing. A questionnaire was completed by the patients to evaluate subjective symptoms and pacemaker preference. This part of the study favored the VDD mode of pacing. The conclusion of this study is that VDD pacing is superior to VVI pacing. SINCE the first pacemaker implant,1 the number of patients with pacemakers has increased tremendously. Worldwide, about 100,000 pacemakers are implanted each year.2 Eighty-six percent of these are ventricular inhibited (VVI),3 although other types of pacemakers provide a more physiologic mode of pacing.
SINCE the first pacemaker implant,1 the number of patients with pacemakers has increased tremendously. Worldwide, about 100,000 pacemakers are implanted each year.2 Eighty-six percent of these are ventricular inhibited (VVI),3 although other types of pacemakers provide a more physiologic mode of pacing.
The atrial synchronous ventricular pacemaker (VAT, VDD) combines the capability of synchronizing atrial and ventricular contractions and the possibility of increasing the ventricular rate as a response to acceleration of the sinus node activity. The proportion to the paced population suitable for this mode of pacing has been estimated to be at least 35%,' and may be as high as 75%. 5 The lack of reliable and easily introduced atrial leads was an obstacle to physiologic pacing, but has been overcome. 89 Some data show hemodynamic benefits of VDD compared with VVI pacing.10' 11 Kruse and Ryden reported that the maximal exercise capacity is greater after changing from VVI to VDD pacing.'2 However, these studies were performed after only a few hours of adaptation to the pacing mode. Consequently, one may question whether the differences will be influenced by a continuous adaptation. This could not be determined because previous pacemakers only permitted acute investigations during the period of pace-maker exchange. The VDD pacemaker we described' can be programmed noninvasively to either the VVI or the VDD mode, permitting comparisons of prolonged periods of pacing in either mode.
The aim of the present study was to compare the acute and chronic hemodynamic performance at rest and during exercise with VVI and VDD pacing and to study the maximal exercise capacity after a prolonged period of VVI and VDD pacing.
Material and Methods Patients
Sixteen patients treated with a VDD pacemaker gave informed consent to the study. Thirteen of the patients participated in the complete study and three agreed to the noninvasive part only (patients 9, 14 and 15) . Selected data from the patients are presented in table 1 .
The Pacemaker
The pacemaker (Medtronic 2409) has been described in detail.9 Briefly, it is a VDD unit with a ventricular escape rate variable from 50-80 beats/min and a maximum atrial synchronous rate variable from 100-175 beats/min. These rates can be noninvasively programmed. When the backup rate is programmed, the mode is also programmed to VVI at the selected rate. Programming the upper rate limit simultaneously programs the mode to VDD without changing the previously programmed backup rate.
Procedure
The study started with a period of pacing planned to last at least 3 months. During this period, patients 1-9 846 Abbreviations: AVCD = atrioventricular conduction disturbance; 20 and 30 = second-and third-degree; PAT = paroxysmal atrial tachyarrhythmia; CHD = coronary heart disease; CCMP = congestive cardiomyopathy; VVI = ventricular inhibited pacing; VDD = atrial synchronous ventricular inhibited pacing.
were programmed to VDD pacing (backup rate 50 beats/min; upper rate limit 150 beats/min, except for patients 5 and 6, who were programmed to 125 beats/ min). Patients [10] [11] [12] [13] [14] [15] [16] started in VVI pacing (70 beats/ min). At the end of the period, the patients were hospitalized. They had a chest x-ray, performed an exercise test and answered a questionnaire. Patients who participated in the invasive study were catheterized the next morning. Hemodynamic performance was determined with the pacemaker in the preprogrammed mode (invasive study, part 1). Then, the pacemaker was reprogrammed to the other mode of pacing (from VDD to VVI and vice versa); rate settings were as described above. Two hours later the hemodynamic investigation was repeated (invasive study, part 2). The next day, the patient left the hospital and commenced the second 3-month period of pacing. At the end of this period, the patient was rehospitalized and the same protocol was followed. This protocol ( fig. 1 ) allowed us to compare acute and long-term differences between the two modes of pacing.
Noninvasive Study
Chest roentgenograms were obtained with the patient standing. Heart size and signs of pulmonary congestion were determined by two independent radiologists who did not have knowledge of the pacing mode.18
Exercise tests were performed in the sitting position on a calibrated, electrically braked bicycle ergometer according to a protocol previously described in detail. 12 The work load was increased in a stepwise fashion by 10 W each minute to the maximally tolerated load. Ventricular and atrial rates were calculated from ECGs. During exercise testing of patients in the VDD mode, the upper rate limit was programmed to the highest synchronous rate (175 beats/min) except for patients 6, 8, 9 and 15, in whom the upper rate setting was 150 beats/min.
In a questionnaire, the patients were asked whether they had experienced chest discomfort, palpitations, chest pain, dizziness, blurred vision, dyspnea at rest, disturbances of sleep caused by heart discomfort, or a pulsating sensation in the abdomen or neck. If pres- The catheters were positioned with the patients recumbent. From then on, the patients were seated and remained sitting throughout the investigation. After a 30-minute rest period, the brachial and pulmonary artery pressures, heart rate, cardiac output, stroke volume, systemic vascular resistance, arteriovenous oxygen difference and lactate in arterial blood were determined. The patients then performed two levels of exercise on a bicycle ergometer. The work load was set to 30% and 60% of the previously determined maximal work capacity during VVI pacing. The work load for each patient is listed'in table 1. After 3½ /2minutes of work, the blood pressure was recorded and the arteriovenous oxygen difference, lactate in arterial blood and cardiac output were determined, always in this order. The duration of each work load was 6 minutes. The pacemaker was then reprogrammed to the other mode of pacing. Two hours later, the investigation was repeated with the new pacing mode.
Statistical Analysis
Statistical comparisons were made with a t test for paired differences. A p value less than 0.05 was considered statistically significant.
Results

Noninvasive Study Chest x-ray
Mean heart size was significantly smaller, 530 ± 96 vs 560 ± 98 ml/m2 BSA (mean ± SD) (P < 0.05) dur- 
Exercise Test
The test results at rest and maximal exercise are shown in table 2 and figure 3. The maximal work load with VVI pacing was 88 ± 22 W (mean ± SD for the group), significantly lower than that on VDD pacing, 109 ± 32 W (p < 0.001). All patients except patient 16 improved during VDD pacing. Despite the higher work load reached during VDD pacing, atrial rates at the final work load did'not differ between the two pacing modes. Exercise was terminated in all but two cases, because of exhaustion. Patient' 5 stopped exercise because of angina pectoris and patient' 7 because of leg fatigue.
Questionnaire
Fourteen patients completed a questionnaire and two (patients 6 and 16) only gave their opini'ons of general well-being and preference of pacing mode. The symptoms on VVI pacing received a score of 51 and the score after VDD pacing was 30. Thus, the results from grading the general condition favored the VDD mode (table 3) . Fourteen patients preferred the VDD period, while two (patients 3 and 7) did not express a preference.
Invasive Study
The hemodynamic responses to acute and long-term VDD pacing were not significantly different; nor were the hemodynamic responses to acute and long-term VVI pacing. The arteriovenous oxygen difference at rest before work was higher (6 ml/l, p < 0.05) after 2 hours on VVI pacing than that after 3 months. Since the differences between acute and long-term VVI and VDD pacing were small or nonexistent, the comparisons between these two modes of pacing are reported as the results obtained when studying long-term VVI (table 4A) pacing to another. The hemodynamic differences between VVI and VDD pacing are illustrated in figure  4 . As a response to the capability of rate increase, VDD pacing resulted in a much higher increase in cardiac output, particularly during the second work load (mean 3.8 1/min, p < 0.001), despite a substantial compensatory increase in stroke volume during VVI pacing. Figure 5 shows arteriovenous oxygen difference and blood lactate levels. Figure 6 shows brachial and pulmonary artery pressures during the two modes of pacing. Discussion Although reliable leads' and promising pacemakers9 are available, VDD pacing is more complicated than VVI pacing. Thus, the future of this type of pacing depends on whether it improves hemodynamics and the quality of life. Center and Nathan"6 and Kar16f" showed that an acute change from VVI to VDD pacing improved the hemodynamic response to physical work. Whether this improvement will last and to what extent it will result in an increased working capacity was not determined. Sowton et al.' stated that the immediate hemodynamic benefit of a correct atrial timing can often be reversed by compensatory mechanisms. If so, the beneficial effects of VDD pacing will diminish.
The present study was designed to compare longterm effects of VVI and VDD pacing. A long-term period was intended to be at least 3 months, and this was executed except for three exceptions ( performed with the investigator unaware of the pacing mode. This was impossible, so the patients performed a symptom-limited maximal work rather than stopping at a predetermined submaximal level of effort or slight discomfort. To avoid the influence of training induced by repeated exercise tests, the patients were alternately tested with VVI and VDD pacing. Analysis of these two groups showed no differences in the improvement after a change to VDD pacing. Thus, the two groups have been analyzed together in the final report. A methodologic problem in the present study was the comparatively high cardiac outputs determined by computer. However, the effects on cardiac output of the two modes of pacing at rest and during exercise were reflected in the changes of the arteriovenous oxygen differences. This variable gives valuable and accurate information on cardiac performance and circulatory capacity.19 Consequently, we used the differences in cardiac output and cardiac fig. 7) show that exercise et al 11 20 tolerance diminishes with VVI pacing. These data sup-VDD pacing has been considered particularly suited port the conclusion that the beneficial effects of VDD for young and active patients." In the present report, pacing increase with time. This may, however, more old patients (mean age 67 years) were studied. The not increase when changing from VVI to DVI pacing. Apparently, the ability of rate increase with VDD pacing greatly enhances the final effect of the synchronization of atrial with ventricular activity.
Thus, VDD is superior to VVI pacing. These positive effects are represented by improved hemodynamics and an increased feeling of well-being. The beneficial effects observed acutely are lasting and the difference between VVI and VDD pacing seems to increase over time. The use of VDD pacing in patients with predominant, exercise-induced, or constant complete atrioventricular block and stable sinus node function is therefore preferable.
